Blastocyst MHC is a recently identified mouse MHC class Ib gene, which is selectively expressed in blastocyst and placenta, and may be the mouse homolog of HLA-G gene the products of which have been implicated in protection of fetal trophoblasts from maternal NK cells and evasion of some tumor cells from NK cell attack. In this study, we identified two blastocyst MHC gene transcripts encoding a full-length ␣-chain (bc1) and an alternatively spliced form lacking the ␣2 domain (bc2), which may be homologous to HLA-G1 and HLA-G2, respectively. Both placenta and a teratocarcinoma cell line predominantly expressed the bc2 transcript. When these cDNAs were expressed in TAP-deficient RMA-S or TAP-sufficient RMA cells, only bc1 protein was expressed on the surface of RMA cells, but both bc1 and bc2 proteins were retained in the cytoplasm of RMA-S cells. Significantly, the RMA-S cells expressing either bc1 or bc2 were protected from lysis by NK cells in vitro. This protection was at least partly mediated by up-regulation of Qa-1 b expression on the surface of RMA-S cells, which engaged the CD94/NKG2A inhibitory receptor on NK cells. More importantly, the bc1-or bc2-expressing RMA-S cells were significantly protected from NK cellmediated rejection in vivo. These results suggested a role for blastocyst MHC in protecting TAP-deficient trophoblasts and tumor cells from NK cell attack in vivo.
D
uring mammalian pregnancy, semiallogeneic fetal cells invade the maternal uterine wall but survive without rejection by the maternal immune system (1) . Human fetal cytotrophoblasts at the maternal-fetal interface lack classical MHC class Ia molecules due to TAP deficiency (2, 3) . Although this prevents recognition by maternal alloreactive T cells, the lack of class Ia molecules leaves these cells susceptible to maternal NK cells, which are specialized to kill cells that have lost MHC class Ia molecules after virus infection or malignant transformation. However, the trophoblasts express a nonclassical MHC class Ib molecule HLA-G, which has been implicated in the protection of trophoblasts from maternal uterine NK cells (4, 5) . In support of this, transfection of HLA-G into MHC class Ia-deficient target cells conferred protection from lysis by peripheral blood and decidual NK cells in vitro (6, 7) . Moreover, it has been suggested that aberrant expression of HLA-G in tumor cells, which frequently have TAP deficiency (8) , may be an escape mechanism from NK cell-mediated immunosurveillance (9, 10) .
Recent studies have revealed two types of NK cell surface receptors for MHC class I molecules, which belong to the Ig superfamily or the C-type lectin family and have an immunoreceptor tyrosine-based inhibitory motif in their cytoplasmic domain responsible for inactivation of NK cell effector functions (11) . Among them, two Ig-like receptors ILT2 (LIR-1) and p49 (KIR2DL4) directly bind to HLA-G molecules expressed on the surface of target cells and inhibit NK cell-mediated lysis (12) (13) (14) . In addition, it has been shown that the HLA-G leader fragment can efficiently stabilize and up-regulate the expression of HLA-E, which is another class Ib molecule and a major ligand of the lectinlike CD94/NKG2A receptor (15) (16) (17) . It has been proposed that the CD94/NKG2A complex acts as the predominant inhibitory receptor involved in the recognition of HLA-G by peripheral blood and decidual NK cells (18) .
Despite this remarkable progress in our knowledge about the recognition of HLA-G by NK cells, the physiological functions of HLA-G remain elusive (19) , primarily due to the lack of an appropriate animal model. However, it has recently been shown that a mouse MHC class Ib molecule, Qa-1 b , acts as the mouse homolog of HLA-E and is recognized by the mouse CD94/NKG2A receptor (20, 21) . Moreover, Sipes et al. (22) have described the cloning of a new mouse MHC class Ib gene, termed blastocyst MHC, that resembles HLA-G in its structure and selective mRNA expression in blastocyst and placenta, although its expression at the protein level and the function are still unknown. In the present study, we investigated the expression and function of blastocyst MHC in TAP-deficient RMA-S cells, which lack classical class Ia molecules and are highly susceptible to NK cells in vitro and in vivo, by introducing two isoforms of blastocyst MHC, which may be homologous to HLA-G1 and HLA-G2. We found that the expression of blastocyst MHC protects TAP-deficient RMA-S cells from NK cell-mediated lysis in vitro by at least partly engaging the CD94/NKG2A inhibitory receptor through up-regulation of expression. This mouse model enabled us to demonstrate that the aberrant expression of blastocyst MHC in TAP-deficient tumor cells confers protection from NK cell-mediated rejection in vivo, suggesting a similar role for HLA-G in human tumors.
Materials and Methods

Mice
C57BL/6 (B6) mice, 8 -12 wk of age, were purchased from Clear Japan (Tokyo, Japan) or The Walter and Eliza Hall Institute of Medical Research (Melbourne, Australia). B6 RAG-2 Ϫ/Ϫ mice were kindly donated by Drs. K. Kobayashi and M. Ito in the Central Institute for Experimental Animals (Kawasaki, Japan). Timed pregnant B6 mice were killed by cervical dislocation, and the whole uterus including placenta and embryos (day 3.5 of gestation) and the placenta (day 7.5 and 13.5 of gestation) were dissected for RT-PCR.
Cell lines
A murine teratocarcinoma cell line, F9, was kindly provided by Dr. N. Minato (Kyoto University, Kyoto, Japan) and cultured in DMEM containing 10% FCS, 100 g/ml penicillin G, 100 g/ml streptomycin, 2 mM L-glutamine, 2.3 mg/ml HEPES, and 2.0 mg/ml NaHCO 3 . A B6 mousederived T lymphoma cell line, RMA, and its TAP-deficient mutant, RMA-S, were obtained from American Type Culture Collection (ATCC; Manassas, VA) and cultured in RPMI 1640 containing 10% FCS, 100 g/ml penicillin G, 100 g/ml streptomycin, 2 mM L-glutamine, 2.3 mg/ml HEPES, and 2.0 mg/ml NaHCO 3 . Chinese hamster ovary (CHO) 3 cells stably expressing Qa-1 b (Qa-1 b /CHO) were prepared as described previously (23) .
RT-PCR and generation of transfectants
Total RNA was isolated from F9 cells and placentas by using RNA STAT-60 (TEL-TEST, Friendswood, TX). Single-stranded cDNA was synthesized with oligodeoxythymidylate primer and Superscript reverse transcriptase (Life Technologies, Gaithersburg, MD) from 5 g of RNA and then used for PCR. The PCR was performed at 94°C for 5 min, 60°C for 1 min, and 72°C for 2 min for 30 cycles. According to the published blastocyst MHC sequence (22) , 5Ј-GTACTCGAGATGGCGCAGC GAACGCTA-3Ј corresponding to the first six codons and tagged with an XhoI site was used as the 5Ј primer, and 5Ј-TCCGGATCCGGATGCA GATGATCCCTT-3Ј corresponding to the last six codons except stop codon and tagged with a BamHI site was used as the 3Ј-primer. ␤-Actin was used as an internal control as described previously (24) . The PCR products were electrophoresed in 2% agarose gel, stained with ethidium bromide, and visualized under UV light.
The PCR products were subcloned into the XhoI and BamHI sites of the mammalian expression vector pcDNA3.1(Ϫ)/Myc-His (Invitrogen, Carlsbad, CA), and sequenced by a fluoresceinated dye terminator cycle sequencing method on an automated sequencer (Applied Biosystems, Foster City, CA). RMA-S cells were transfected with the pcDNA3.1(Ϫ)/Myc-His vector containing the blastocyst MHC cDNA by electroporation (300 V, 800 F) with a Gene Pulser (Bio-Rad, Hercules, CA) and selected with 1 mg/ml G418 (Sigma-Aldrich, St. Louis, MO). The transfectants were then cloned by limiting dilution. Alternatively, the C-terminal Myc-His-tagged cDNA was subcloned into the MSCV-IRES-green-fluorescent protein (GFP) retroviral vector (kindly provided by Dr. A. Nienhuis, St. Jude Children's Research Hospital, Memphis, TN; Ref. 25 ) and infected into RMA-S and RMA cells as described previously (26) . Stable GFP ϩ cells were isolated by FACS and used without further cloning.
Immunofluorescence, flow cytometry, and confocal microscopy
For detection of C-terminal Myc-His-tagged blastocyst MHC proteins, cells were treated with Cytofix/Cytoperm solution (BD PharMingen, San Diego, CA) and stained with anti-His mAb (3D5; Invitrogen) followed by PE-conjugated goat anti-mouse IgG Ab (Caltag, Burlingame, CA). The stained cells were analyzed on a FACSCalibur (BD Biosciences, San Jose, CA), and data were processed by CellQuest program (BD Biosciences). To determine subcellular localization, Cytofix/Cytoperm-treated cells were stained with anti-His mAb followed by Alexa594-conjugated goat anti- 
Western blotting
Cells were lysed with a lysis buffer containing 1% Nonidet P-40, 50 mM HEPES (pH 7.3), 250 mM NaCl, 10 g/ml aprotinin, 10 g/ml leupeptin, and 1 mM PMSF at a concentration of 1 ϫ 10 7 cells/ml. Total lysates were separated by 10% SDS-PAGE and transferred onto a polyvinylidene difluoride (PVDF) membrane (Immobilon-P; Millipore, Bedford, MA). After blocking with Block Ace (Yukijirushi, Sapporo, Japan), the membrane was probed with anti-Myc mAb (9E10; ATCC). Ab binding was detected using HRP-conjugated rabbit anti-mouse IgG Ab (Jackson ImmunoResearch, West Grove, PA) and the chemiluminescence system (ECL Western blotting detection reagents; Amersham Pharmacia Biotech, Little Chalfont, U.K.).
Cell surface biotinylation and immunoprecipitation
Cells (1 ϫ 10 7 /ml in PBS) were surface biotinylated with 100 g/ml sulfo-N-hydroxysuccinimide-biotin (Sigma-Aldrich) at room temperature for 40 min and then lysed with the lysis buffer. The lysates were immunoprecipitated with anti-Myc mAb and protein G-conjugated beads (Amersham Pharmacia). The imuunoprecipitates were subjected to 10% SDS-PAGE and transferred onto a PDVF membrane. The biotinylated proteins were detected using an HRP-containing ABC kit (Vector Laboratories, Burlingame, CA) and ECL.
Cytotoxicity assays
Splenic mononuclear cells were prepared from untreated, anti-asialo-GM1 Ab-treated (20 g i.p. on days Ϫ2 and Ϫ1), and/or polyinosinic-polycytidylic acid (poly(IC))-treated (100 g i.p. 18 h before) B6 mice as previously described (27) . NK cells (Ͼ90% NK1.1 ϩ ) were prepared from splenic mononuclear cells of B6 RAG-2 Ϫ/Ϫ mice by depleting adherent macrophages as previously described (27) and used as effector cells immediately or after activation with 250 U/ml human IL-2 (Shionogi, Osaka, Japan) for 2 days. In some experiments, IL-2-activated NK cells were separated into NKG2A
Ϫ and NKG2A ϩ populations by FACS after staining with FITC-conjugated anti-NKG2A/C/E mAb (20d5; BD PharMingen) and used as effector cells after culturing with IL-2 for an additional 3 days. A standard 51 Cr release assay was performed as previously described (27) . In some experiments, a cytotoxicity assay was performed in the presence of Fab prepared from control rat IgG (Sigma-Aldrich), anti-mouse NKG2A/ C/E mAb (20d5) (28), or anti-Qa-1 b mAb (BD PharMingen) by using the Fab preparation kit (Pierce, Rockford, IL) at 10 g/ml. The peptide-mediated protection assay using Qa-1 b /CHO cells was performed as previously described (23) . An N-terminal octamer (MAQRTLFL) of the blastocyst MHC signal peptide (bcSP) was newly synthesized. The canonical Qa-1 b -binding peptide, Qdm (Qa-1 determinant modifier; AMAPRTLLL) (29) , was used as a positive control, and an H-2K b -binding OVA peptide (SIINFEKL) (30) was used as a negative control.
In vivo tumor assays
Groups of five B6 mice were inoculated s.c. with increasing numbers of mock or blastocyst MHC-transfected RMA-S cells in 0.2 ml of PBS. Some groups of mice were depleted of NK cells by i.p. administration of antiasialo-GM1 Ab (20 g; Wako Pure Chemical, Osaka, Japan) on days Ϫ1, 0, 7, and 14. All mice were observed every 2 days for tumor growth using a caliper square measuring along the perpendicular axes of tumors, and the tumor size was determined as the product of two diameters. In another set of experiments, groups of 10 untreated or anti-asialo-GM1 Ab-treated B6 mice were inoculated i.p. with various numbers of mock or blastocyst MHC-transfected RMA-S cells in 0.2 ml of PBS, and survival of recipient mice was monitored for 60 days.
Statistical analysis
Statistical analysis was performed by the two-sample t test in the cytotoxicity assay or by the unpaired Mann-Whitney U test in the s.c. tumor growth and survival assays. Values of p Ͻ 0.05 were considered significant.
Results
Identification of an alternatively spliced isoform of blastocyst MHC
To isolate the cDNA for blastocyst MHC, we first performed RT-PCR using total RNA prepared from the placentas of timed pregnant B6 mice or a teratocarcinoma cell line F9 of 129 mouse origin with a 5Ј-primer corresponding to the first six codons and a 3Ј-primer corresponding to the last six codons (except stop codon) of the reported blastocyst MHC gene sequence (22) . As shown in Fig.  1A , we unexpectedly found a shorter transcript of 774 bp, which was predominant over the expected band of 1050 bp corresponding to the reported blastocyst MHC gene transcript both in the placentas and F9 cells. The transcripts were then subcloned into the pcDNA3 vector, and the cDNAs were sequenced. The nucleotide sequence of the 1050-bp cDNA was completely identical with the reported blastocyst MHC gene sequence isolated from 129 genomic library (22) , which encodes the full length blastocyst MHC molecule composed of a leader, three Ig-like extracellular (␣1, ␣2, ␣3) domains, a transmembrane domain, and a cytoplasmic domain (Fig. 1, B and C) . In contrast, the 774-bp cDNA was devoid of the 276-bp sequence corresponding to exon 3 of the reported blastocyst MHC genomic sequence encoding the ␣2 domain (Fig. 1B) , suggesting that this cDNA encodes an alternatively spliced isoform of blastocyst MHC lacking the ␣2 domain (Fig.  1C) . Several alternatively spliced isoforms have been identified for human HLA-G, including the full length HLA-G1 and the HLA-G2 lacking an ␣2 domain (19) . Thus, we tentatively designated the full length blastocyst MHC encoded by the 1050-bp cDNA as bc1, and the ␣2-lacking blastocyst MHC encoded by the 774-bp cDNA as bc2, which might be homologous to HLA-G1 and HLA-G2, respectively.
Expression of bc1 and bc2 proteins in RMA-S and RMA cells
Expression of blastocyst MHC at the protein level has not been determined because of the lack of a specific Ab reagent. To overcome this problem, bc1 and bc2 cDNAs were tagged with antiMyc and anti-His epitope sequences at the C terminus by subcloning into the pcDNA3/Myc-His vector. A T lymphoma cell line, RMA-S, of B6 mouse origin was used for transfection, because these cells do not express functional MHC class Ia molecules on their surface due to TAP deficiency and thus are susceptible to NK cell-mediated cytolysis in vitro and in vivo (31, 32) . The bc1-MycHis and bc2-Myc-His cDNAs were expressed in RMA-S and TAPsufficient RMA cells by using MSCV-IRES-GFP retroviral vector and the stable transfectants were identified by the expression of GFP. Immunofluorescent staining of permeabilized cells with antiHis mAb and flow cytometry revealed substantial levels of bc1-Myc-His and bc2-Myc-His protein expression in both RMA-S and RMA transfectants (Fig. 2A) . Confocal imaging analysis of these cells showed that only bc1-Myc-His, but not bc2-Myc-His, protein was apparently localized at the plasma membrane of RMA cells and that both bc1-Myc-His and bc2-Myc-His proteins were mostly retained in the cytoplasm of RMA-S cells (Fig. 2B) . Western blotting analysis of the whole cell lysates with anti-Myc mAb detected the 47-kDa bc1-Myc-His protein and the 38-kDa bc2-Myc-His protein expected from their primary amino acid sequences in both RMA-S and RMA transfectants and an additional 51-kDa protein in bc1-Myc-His-transfected RMA cells, which appeared to represent a glycosylated form (Fig. 2C) . Cell surface biotinylation and immunoprecipitation with anti-Myc mAb detected only the 51-kDa protein in bc1-Myc-His-transfected RMA cells (Fig. 2D ) These results indicated that only bc1, but not bc2, could be expressed on the cell surface in TAP-sufficient RMA cells, and that both bc1 and bc2 were retained in the cytoplasm in TAP-deficient RMA-S cells.
Protection of bc1-or bc2-transfected RMA-S cells from NK cell cytotoxicity
We examined the susceptibility of mock, bc1-, or bc2-transfected RMA-S cells to NK cell cytotoxicity in a standard 4-h 51 Cr release assay using freshly isolated splenocytes from untreated or poly(IC)-treated B6 mice as the effector cells. As shown in Fig. 3A , the bc1-or bc2-transfected RMA-S cells, but not mock transfected cells, were significantly protected from the lysis by freshly isolated B6 splenocytes. Even when poly(IC)-activated splenocytes were used as the effector, the bc1-or bc2-transfected cells were significantly protected from the lysis as compared with mock transfected cells (Fig. 3B) . In both experiments, the cytotoxic activities were completely abolished by NK cell depletion by the anti-asialo-GM1 Ab pretreatment. Similar results were obtained when IL-2-activated NK cells from B6 RAG-2 Ϫ/Ϫ mice were used as effector cells (see below). These results indicated that the expression of either bc1 or bc2 in RMA-S cells conferred significant protection from NK cell cytotoxicity in vitro.
Contribution of Qa-1 and CD94/NKG2A
We next explored the mechanism by which bc1 and bc2 conferred protection from NK cell-mediated lysis. Because the murine homologs of ILT-2 or KIR2DL4 have not been identified and the bc1 and bc2 proteins were not apparently expressed on the surface of RMA-S cells (Fig. 2) , we examined the possible contribution of CD94/NKG2A and Qa-1 b . As represented in Fig. 4A , the bc1-or bc2-transfected RMA-S cells exhibited the increased expression of Qa-1 b on their surface as compared with the mock transfected cells, whereas the levels of H-2K b or H-2D b were not significantly changed. Addition of Fab of either anti-mouse NKG2 mAb or anti-Qa-1 b mAb significantly reversed the resistance of bc1-or bc2-transfected RMA-S cells to IL-2-activated NK cell cytotoxicity (Fig. 4B) . Moreover, when IL-2-activated NK cells were fractionated into NKG2A
Ϫ and NKG2A ϩ populations, the protection by bc1 and bc2 was observed only against the NKG2A ϩ population (Fig. 4C) . These results suggested that the protection conferred by bc1 and bc2 was at least partly mediated by the CD94/ NKG2A-inhibitory receptor on NK cells that recognized the upregulated Qa-1 b expression on bc1-or bc2-transfected RMA-S cells.
FIGURE 2. Expression of bc1 and bc2 proteins in cDNA transfectants.
A, Flow cytometric analysis. Mock, bc1-, or bc2-transfected RMA and RMA-S cells were fixed/permeabilized and then stained with anti-His mAb followed by PE-conjugated goat anti-mouse IgG Ab. The bold histograms represent staining with anti-His mAb, and the thin histograms represent background staining with control mouse IgG. B, Confocal imaging analysis. Mock, bc1-, or bc2-transfected RMA and RMA-S cells were adhered onto glass slides, fixed/permeabilized, stained with anti-His mAb followed by Alexa594-conjugated goat anti-mouse IgG Ab, and then imaged by confocal microscopy. C, Western blotting analysis. Mock, bc1-, or bc2-transfected RMA and RMA-S cell lysates were subjected to SDS-PAGE and then blotted onto a PVDF membrane. The membrane was probed with anti-Myc mAb followed by HRP-conjugated rabbit anti-mouse IgG and then subjected to chemiluminescent detection. D, Cell surface biotinylation and immunoprecipitation. Mock, bc1-, or bc2-transfected RMA and RMA-S cells were cell surface biotinylated, and the lysates were immunoprecipitated with anti-Myc mAb. The immunoprecipitates were subjected to SDS-PAGE and then blotted onto a PVDF membrane. The membrane was probed with an HRP-containing ABC kit and then subjected to chemiluminescent detection. populations, only the NKG2A ϩ population was inhibited by the Qdm and bcSP peptides (Fig. 4F) . Titration of the peptides showed a comparable inhibitory effect of bcSP and Qdm at 200 M, but Qdm was more potent than bcSP at lower doses against NKG2A ϩ IL-2-activated NK cells (Fig. 4G) .
Protection of bc1-or bc2-transfected RMA-S cells from NK cell-mediated rejection in vivo
We finally examined whether the bc1-or bc2-transfected RMA-S cells could be protected from NK cell-mediated rejection in vivo. When 5 ϫ 10 3 cells were inoculated s.c. into B6 mice, three of five mice developed progressively growing tumors, whereas none of five mice inoculated with mock/RMA-S cells developed a palpable tumor (Fig. 5A) . Although all mice developed s.c. tumors when inoculated with 5 ϫ 10 4 or 5 ϫ 10 5 cells, the growth of bc1-or bc2-transfected cells was significantly accelerated as compared with the mock transfected cells. When the mice were depleted of NK cells by anti-asialo-GM1 Ab treatment, the difference between bc1/bc2 and mock transfectants was abrogated. When 1 ϫ 10 3 or 1 ϫ 10 4 cells were inoculated i.p., survival of the bc1/RMA-S or bc2/RMA-S recipients was significantly shortened as compared with that of the mock/RMA-S recipients (Fig. 5B) . This difference was abrogated again by NK cell depletion by anti-asialo-GM1 Ab treatment. In both systems, similar results were obtained when either transfected clones or retrovirally transduced bulk cell lines were used (data not shown). These results indicated that the expression of either bc1 or bc2 in RMA-S cells did confer protection from NK cell-mediated rejection in vivo and thus increased the malignancy of the tumor cells.
Discussion
In this study, we identified an alternatively spliced isoform of blastocyst MHC (bc2) that was expressed at a higher level in the placenta and a teratocarcinoma cell line than the previously identified full length isoform (bc1) and demonstrated that both the bc1 and bc2 isoforms protected MHC class Ia-deficient RMA-S cells from NK cells in vitro and in vivo. It has previously been reported that the expression of either HLA-G1 or HLA-G2 protected MHC class Ia-deficient K562 cells from human NK cells in vitro (7) . Therefore, the bc1 and bc2 molecules may be the mouse homologs of HLA-G1 and HLA-G2, respectively, not only in their structures and expression but also in their functions.
We first characterized the expression of C-terminally Myc-Histagged bc1 and bc2 proteins in TAP-sufficient RMA and TAPdeficient RMA-S transfectants. Only bc1 was apparently expressed on cell surface in the RMA transfectant, but not in the RMA-S transfectant. This suggests that the TAP-dependent peptide loading is required for transportation of bc1 from endoplasmic reticulum to cell surface through Golgi apparatus, just like MHC class Ia molecules. This notion is consistent with the prediction from the structural feature of bc1 that has an intact peptide-binding region (22) . Similarly, the cell surface expression of HLA-G1 has been reported to be TAP-dependent (36) . The physiological role of TAPdependent Ag presentation by bc1 remains to be addressed in future studies. In contrast to HLA-G1, the cell surface expression of HLA-G2 remains controversial (19) . Because bc2 lacks the ␣2 domain and thus cannot accommodate peptides, bc2 appeared not to be transported to cell surface even in the TAP-sufficient RMA transfectant. Consequently, the TAP-deficient RMA-S transfectants did not express either bc1 or bc2 on cell surface at a detectable level.
Despite no apparent expression of bc1 or bc2 on cell surface, the RMA-S transfectants expressing either bc1 or bc2 were efficiently protected from NK cell-mediated lysis. This protection was at least partly mediated by the Qa-1 b molecules up-regulated on the bc1/ bc2 transfectants and the CD94/NKG2A-inhibitory receptor on NK cells, because Fab of anti-NKG2 mAb and anti-Qa-1 b mAb significantly reversed the bc1/bc2-conferred protection. This notion was further substantiated by the fact that the protection by bc1 and bc2 was observed against the NKG2A ϩ NK cell population, but not against the NKG2A Ϫ population. The ability of bc1/bc2 to confer the Qa-1 b -mediated protection was further suggested by the ability of exogenously added bc1/bc2 signal peptide octamer (bcSP) to protect Qa-1 b /CHO cells from NKG2A ϩ NK cells, although bcSP was not as potent as Qdm. It was demonstrated that the position (p) 4P, p5R, and p8L residues FIGURE 5. Protection of bc1-or bc2-transfected RMA-S cells from NK cell-mediated rejection in vivo. A, s.c. tumor formation. The indicated numbers of mock (Ⅺ, f), bc1 (E, F)-, or bc2 (‚, OE)-transfected RMA-S cells were inoculated s.c. into untreated (Ⅺ, E, ‚) or anti-asialo-GM1 Ab-treated (f, F, OE) B6 mice, and tumor size was measured every 2 days. Data are indicated as the mean Ϯ SD of three to five tumor-bearing mice in each group. In the left panel, frequency of tumor take is indicated in the parentheses. In the middle and right panels, all five mice developed the tumor. Similar results were obtained in three independent experiments. ‫,ء‬ p Ͻ 0.05 compared with the mock transfectant. B, Survival curves after i.p. inoculation. The indicated numbers of mock (Ⅺ, f), bc1 (E, F)-, or bc2 (‚, OE)-transfected RMA-S cells were inoculated i.p. into untreated (Ⅺ, E, ‚) or anti-asialo-GM1 Abtreated (f, F, OE) B6 mice (n ϭ 10 in each group), and survival of the recipients was monitored for 60 days. Similar results were obtained in three independent experiments. ‫,ء‬ p Ͻ 0.05 compared with the mock transfectant.
in the Qdm peptide (AMAPRTLLL) were critically involved in the interaction with mouse CD94/NKG2A receptor (34, 35) . Although the most critical p5R is conserved in the bcSP (MAQRTLFL), the p4P is changed to Q and p8L is changed to F. This may explain why the bcSP was not as potent as the Qdm in the Qa-1 b /CHO protection assay. Although the loading of Qa-1 b with Qdm from the MHC class Ia signal sequence was TAP dependent (29, 33) , our results with the RMA-S transfectants suggested that loading with the bc1/bc2 signal peptide might be TAP independent. This observation is physiologically relevant, because the TAP deficiency has been observed both in trophoblasts (3) and frequently in tumors (8) . It has been reported that the loading of HLA-E with human cytomegalovirus UL40 signal peptide was TAP independent (37) . Further studies are needed to determine how the bc1/bc2 signal peptide could be loaded onto the Qa-1 b molecules in the bc1/bc2-transfected RMA-S cells.
Most importantly, we demonstrated that the bc1/bc2-transfected RMA-S cells were protected from NK cell-mediated rejection in vivo. This supports the notion that the aberrant expression of HLA-G in some tumors may be an escape mechanism from NK cell-mediated immunosurveillance (9, 10) . Although this notion has recently been doubted primarily due to the failure to detect intact HLA-G proteins in tumors (19) , this does not exclude the possibility that any translated isoform of HLA-G could confer the protection indirectly by up-regulating HLA-E expression.
Our present study suggested that blastocyst MHC may be a functional murine homolog of HLA-G that can protect MHC class Ia-deficient cells from NK cell-mediated lysis. An experimental mouse model for HLA-G may allow further elucidation of its physiological role in the maternal-fetal interaction and the hosttumor interaction.
